Petiolar application of potassium cyanide inhibited '4C-assimilate translocation without affecting source leaf photosynthesis or phloem loading of sucrose in Phaseolus vulgaris. The inhibition of transport was correlated with disruption of the structural integrity of the sieve tubes (sieve pore blockage) rather than impairment of a metabolic process in the translocation path driving translocation.
Although the osmotically generated pressure flow hypothesis is generally accepted as the mechanism of phloem transport, several workers postulate that translocation is driven by metabolic processes residing in the sieve tubes of the translocation path (16) . The most commonly cited evidence for these activated mechanisms is the inhibition of translocation caused by either localized path chilling or by the application of metabolic inhibitors to the translocation path. Both treatments have been interpreted as being specific for metabolic processes. Recently, it was shown that the conflicting reports in the literature of path chilling and translocation appear to result from the varying degrees of chilling sensitivity of the various species and ecotypes studied (5, 9) . In addition, the inhibition of translocation by path chilling in the chilling-sensitive bean was correlated with the loss of structural integrity of the sieve tubes rather than impairment of a metabolic process driving transport (9) .
Like the chilling effects on translocation, the literature on the effects of locally applied chemical inhibitors in relation to the energy requirement of the translocation path is marked with controversy. These studies range from no effect of local anaerobiosis or cyanide treatment (15) , to transient effects (14) , to marked inhibition (10) (11) (12) (13) 17) . It is difficult to interpret the chemical inhibitor studies in the earlier literature since it was not known whether the chemical inhibitors acted at the sites of application, the sieve tubes of the path, or whether the inhibitor was transported via transpiration to the source region. Ho and Mortimer (10) reported that 0.5 M KCN applied to sugar beet petioles markedly inhibited assimilate translocation without affecting source leaf metabolism. They concluded that the inhibition resulted from inhibition of a metabolic process within the sieve tubes driving translocation. More recently, Qureshi and Spanner (11) (12) (13) 2 To whom reprint requests should be sent.
In light of the above studies and because the inhibition of translocation by path chilling can be attributed to sieve pore blockage and not directly to an inhibition of metabolism, it was of interest to investigate the mechanism of inhibition of transport by cyanide in relation to sieve tube cytology. In this study, the inhibition of translocation by petiolar application of cyanide is correlated with the structure of the sieve tubes rapidly frozen in situ and processed for freeze substitution electron microscopy.
MATERIALS AND METHODS Two-to 3-week-old bean plants (Phaseolus vulgaris, L. cv. Black Valentine) were trimmed to a simplified source-path-sink system, and the steady-state translocation rate of '4C-assimilates was measured by techniques described previously (6) . Prior to the translocation experiments, the surrounding petiole tissue was carefully dissected away leaving a 1-to 2-cm long intact vascular strand (-1 mm in thickness) (9) . Phosphate buffer (50 mM, pH 7.2) or KCN (in 50 mm phosphate buffer, readjusted to pH 7.2) was applied to the exposed petiole vascular strand by affixing a polyethylene trough to the dissected region. After KCN treatment, rapid freezing of the vascular strand in situ and processing of the tissue by freeze substitution electron microscopy were as previously described (9) . In other experiments, source leaf photosynthesis (8) , '4C-sucrose uptake (8) , and tissue autoradiography of phloem loading (2) were measured prior to and after a 60-min petiole treatment with 100 mm KCN.
RESULTS AND DISCUSSION Translocation of 14C-assimilates through an intact vascular strand was monitored by measuring the 14C accumulation rate in the terminal leaflet of the first trifoliolate in bean plants (5, 9) . After a control rate of translocation was established, the buffer solution surrounding the exposed vascular strand was replaced with either 1, 10, or 100 mm KCN. Cyanide at 1 mm and 10 mM had no effect on translocation, whereas 100 mm cyanide caused a marked inhibition of translocation which was virtually complete after 60 min (Table I) . At this point, the vascular strand (Fig. 1, A and legend) showed that phloem loading was also not affected. These results indicate that the site of inhibition of translocation by cyanide is at the sieve tube level in the petiole region.
The structural correlates of cyanide inhibition of translocation are shown in Figure 1 , B and C. The structure of functioning sieve tubes prepared by freeze substitution electron microscopy is shown in Figure 1B . As previously shown (3, 4, 9) , this technique eliminates most of the shortcomings inherent with chemical fixation of sieve tubes and offers the best representation of the structure of functioning sieve tubes. Note that the sieve tube lumen and sieve plate pores are free from cytoplasmic occlusion and that cytoplasmic materials line the lateral membranes of the sieve tubes. This structure agrees well with that reported previously (3, 4, 9) . In cyanide-treated petiole tissue, the sieve pores are occluded by cytoplasmic material which appears to be derived from the material that formerly lined the lateral walls (Fig. IC) . In the treated tissue, the lateral wails are relatively devoid of this material which characterized the controls. These results suggest that cyanide causes sieve pore blockage and structural damage to the sieve tubes similar to the damage observed in cold-treated bean petioles (9) . This 
